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CHANGE LOG
DATE SECTIONS CHANGED REASON FOR REVISION
CHANGE
2/11/03 | Appendices A & B PDS has decreed it Version 2.0
* In Telemproc code, add generation of new (needed for archival
keyword called RELEASE_ID. Set default value tracking).
to be “0001”.
2/12/03 | Table 2.4.1 Useful for Version 2.0
* Added Angular Resolution spec. calculations.
2/12/03 | Section 2.5 Needed to be added. | Version 2.0
¢ Added this subsection to cover the EDLcam
descriptions.
2/12/03 | Section 4.4.1 Correction. Version 2.0
* Changed definition of field “seq” in filename to
include character at 1% position in field.
2/18/03 | Section 4.4.2 Changed to match Version 2.0
* Changed Vertical projection identifier from MIPL legacy.
“VER” to “VRT".
3/3/03 | Table 2.1.2 Based on newer Version 2.0
* Modified wavelength and bandbass values per data.
Jim Bell request.
3/3/03 | Appendices A & B Correction. Version 2.0

* Deleted PRODUCER_ID from label.

¢ Changed format of INVALID_CONSTANT and
MISSING_CONSTANT to float.

* Added INTERCHANGE_FORMAT to Object
IMAGE and modified valid value list.

* Added BAND_STORAGE_TYPE to Object
IMAGE and added definition and valid value list
from PDS.

* Quoted all UTC formatted time values in
Appendix A.

¢ Changed default value for PRODUCER _ID to
“MIPL".

* Change case of leading character in value for
SEQUENCE_ID to lowercase in Appendix A,
reflecting true format.

3/6/03 | Section 4.4.1 & Section 4.4.2 Correction. Version 2.0
* Modified descriptions for Site and Pos fields in
filename to denote valid range of 0-1296 by

mixing integers and alphas.

3/7/03 Section 5.2.8 New. Version 2.0
¢ Added this section to describe the Surface
Normal Calculation RDR.

3/7/03 Appendix A New. Version 2.0
¢ Added column for Surface Normal RDRs.
3/20/03 | Appendix B Correction. Version 2.0

* For PRODUCT_VERSION_ID, changed string
length from 10 to 12.
* For MAP_PROJECTION_TYPE, added valid
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DATE SECTIONS CHANGED REASON FOR REVISION
CHANGE
value “ORTHOGRAPHIC".
¢ Add values for IMAGE_TYPE.
4/17/03 | Appendices A & B New Version 2.1
¢ Added keyword
INST_CMPRS_SEGMENT_QUALITY.
¢ Added keyword
INST_CMPRS_SEG_MISSING_PIXELS.
4/17/03 | Appendices A & B Needed to support Version 2.1
* Added LOCO compression case for LOCO compression.
INST_CMPRS_DESC, INST_CMPRS_NAME,
INST_CMPRS_FILTER,
INST_DECOMPS_STAGES,
APPLICATION_PROCESS_SUBTYPE_ID.
4/17/03 | Appendix B Needed to support Version 2.1
¢ Added valid values for “simulated” MER-1 and “simulated”
MER-2 for DATA_SET_ID, DATA_SET_NAME, spacecraft i.d.’s.
INSTRUMENT_HOST_ID,
INSTRUMENT_HOST_NAME.
4/17/03 | Section 4.4.1 Needed to support Version 2.1
¢ Added JPEG values for filename “Extension” SAP request to
field. deliver JPEG and
scaling capabilities.
4/17/03 | Sections 4.4.1 & 4.4.2 Needed to support Version 2.1
¢ Added valid values “3” and “4” to Rover I.D. field “simulated”
of filename nomenclature. spacecrafti.d.’s.
4/17/03 | Sections 4.4.1 & 4.4.2 Needed to identify Version 2.1
¢ Of the EDR 3-char Product Types, changed Thumbnail-sized
“EDR” to “EFF”. RDRs. As
¢ Of the RDR 3-char Product Types, contingency when
added/changed several (see “Product Type” larger frames are not
field’s table). downlinked,
Thumbnails will
provide source for
traverse planning in
ops.
10/18/03 | Section 4.4.1 Clarity Version 2.1
* Modified examples, some wording.
10/25/03 | Section 4.4.2 Per Jim Bell's Version 2.1
» Changed Mosaic RDR filename convention. request to include
Seq ID. Make more
efficient use of 27.3
nomenclature.
11/1/03 | Section 4.4.3 New Version 2.1
* Added Terrain Mesh RDR filename convention.
11/6/03 | Appendix B New Version 2.1
* Added CONFIGURATION_BAND_ID and
INSTRUMENT_BAND_ID.
11/12/03 | Appendix B Clarity and accuracy | Version 2.1
¢ Added new wording to several keyword
definitions and/or valid values, reflected in
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DATE SECTIONS CHANGED REASON FOR REVISION
CHANGE
BLUE.
11/18/03 | Sections 5.2.6,5.2.7, 5.2.8 New Version 2.1
* Added descriptive text for IDD Reachability,
Surface Normal and Surface Roughness RDRs.
11/22/03 | Section 5.2.1 New Version 2.1
* Added text from Jim Bell to describe 3 Pancam
radiometrically-corrected products.
12/2/03 | Appendix B Clarity and accuracy | Version 2.1
¢ Added new wording to several keyword
definitions and/or valid values, reflected in
BLUE.
Section 5.2.1
¢ Added this new section of ILUT Ops product
types.
Appendix C
Added new wording to several keyword definitions
and/or valid values, reflected in BLUE.
6/22/04 | Section 5.2.9 New Version 3.0
* Added this new section describing Slope RDR.
Section 4.4
* Added Slope RDR product identifier.
6/25/04 | Section 5.2.13 New Version 3.0
Added this new section describing Anaglyph RDR.
Appendix D
* Added this new appendix showing Responsivity
coefficients.
6/26/04 | Section 5.2.13 New Version 3.0
* Added this new section describing Anaglyph
RDR.
6/27/04 | Section 5.2.2.3 Requested by J. Bell | Version 3.0
* Added more text describing details of MIPLRAD (Pancam Team).
rad-correction process.
6/30/04 | Section 5.2.12 Requested by J. Bell | Version 3.0
* Added more text describing details of MIPL (Pancam Team) and
mosaicking process. MI Team (USGS).
7/22/04 | Appendix A Noticed and Version 3.0
* Fixed quoting syntax to be compliant with PDS requested by USGS.
standards.
7/22/04 | Section 5.2.2.2 New Version 3.0
¢ Added this new section that describes the M|
Team’s rad-corrected products.
7/25/04 | Appendix B Keywords apply to Version 3.0
* Added 21 new keywords received from Pancam Pancam Science
Team. product.
7/26/04 | Appendix A Keywords apply to Version 3.0
* Added 21 new keywords received from Pancam Pancam Science
Team. product.
12/1/04 | Appendix B New, to supplement | Version 4.0
¢ Added keyword MOSAIC_DESC. descriptions of
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DATE SECTIONS CHANGED REASON FOR REVISION
CHANGE
Mosaic RDRs.
12/1/04 | Section 5.2.2.2 New Version 4.0
¢ Added text for Ml instrument “RAD” filetype, as
written by Ken Herkenhoff.
12/1/04 | Section 4.4 New Version 4.0
* Added 3-char prod type identifiers into tables for
new RDRs: Slope Rover Direction, Slope
Heading, Slope Magnitude, Solar Energy
2/9/05 Appendix B Incorrect definitions. | Version 4.0
* Changed definition for INST_CMPRS_MODE.
¢ Changed definition for
INST CMPRS SEGMENT_ QUALITY.
3/15/05 | Signature Cover Sheet Named individuals Version 4.0
¢ Arthur Amador, Deborah Bass and Frank have left the MER
Singleton have been removed as signatories for project.
this document.
3/27/05 | Section 5.2.2.2 Incorrect units. Version 4.0
* Changed text from “W/m”2/sr” to “W/m”2/nm/sr”
per request from Ken Herkenhoff.
3/22/07 | Appendix B Fix Version 4.1
* Corrected valid values for
EXPOSURE_DURATION
9/25/07 | Section 4.4.3 New Version 4.1
* Added character “O” as valid value for INST field
in Terrain Mesh filename
11/17/08 | Section 5.2.2 MI team updated Version 4.1
* Added description for “IFF” product type. their products.
Section 5.2.12.9
* Added description of Ortho-rectified product.
Section 5.2.12.10.1
* Added description for “DEM” product type.
7/12/09 | Section 1.3 Pancam team Version 4.1
* Added new reference to list. developed new
Section 1.3.1 calibration method
* Added NAVCAL and MICAL to Table 1.4. for Navcam data.
Section 5.2.2
* Added new section 5.2.2.3 titled “NAVCAL
Method”.
7/28/09 | Appendix B Pancam team Version 4.1
¢ Added valid values to DATA_SET _ID and developed new
DATA_SET_NAME. calibration method
for Navcam data.
5/7/11 Section 4.4.2 Fix Version 4.2
* Updated description for Sol field in Mosaic
filename.
9/13/11 | Sections 5.2.12.3 and 5.2.12.5 Feng Zhou algorithm | Version 4.3
¢ Added corrective text submitted by Feng Zhou corrections for Cyl-
Per mosaic
projection
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DATE SECTIONS CHANGED REASON FOR REVISION
CHANGE
7/31/14 | Appendix E New and Version 4.4
* New document on changes in camera updates/corrections.
operations data products and updates.
Appendix F

* New document on OPGS archive mosaic
process versioning strategy.
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ACRONYMS AND ABBREVIATIONS

American Standard Code for Information Interchange
Activity Planning and Sequencing Subsystem
Charged Coupled Device

Entry, Descent and Landing

Descent Camera

Experiment Data Record

File Exchange Interface

Flight Software

Ground Data System

Ground Support Equipment

Hazard Avoidance Camera

Image compression algorithm (not an acronym)
Identification

Instrument Deployment Device

Integrated Software for Imagers and Spectrometers
Inertial Vector Propogation

Jet Propulsion Laboratory

LOw-COmplexity, LOssless COmpression
Mars Pathfinder

Mars Exploration Rover

Microscopic Imager

Multimission Image Processing Laboratory
National Aeronautics and Space Administration
Navigation Camera

Object Description Language

Operations Product Generation Subsystem
Operations Storage Server

Panoramic Camera

Planetary Data System

Pancam Mast Assembly

Reduced Data Record

Rover Sequencing and Visualization Program
Science Activity Planner

Spacecraft Clock

Spacecraft Configuration Manager

Standard Format Data Unit
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SIS
SOAS
SOST
SOWG
SPICE
SSV
TBD
TDS
USGS
VICAR
VPP
WEB
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Software Interface Specification

Science Operations Analysis Software
Science Operations Support Team
Science Operations Working Group
Spacecraft, Planet, Instrument, C-matrix, Events kernels
Solar System Visualization group

To Be Determined

Telemetry Delivery Subsystem

United States Geological Survey

Video Image Communication and Retrieval
Visualization Products Pipeline

Warm Electronics Box
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1. INTRODUCTION

1.1 Purpose and Scope

The purpose of this Data Product Software Interface Specification (SIS) is to provide consumers of
MER Camera Payload Experiment Data Record (EDR) and Reduced Data Record (RDR) operations
data products with a detailed description of the products and how they are generated, including data
sources and destinations. The users for whom this SIS is intended include the Operations Product
Generation Subsystem (OPGS), Activity Planning and Sequencing Subsystem (APSS), users and
developers of Science Operations Analysis Software (SOAS), and the scientists who will analyze the
data, including those associated with the MER Project and those in the general planetary science
community.

Throughout this document, “MER Camera Payload” refers to the suite of five MER imaging instruments:
1) Panoramic Camera (Pancam), 2), Navigation Camera (Navcam), 3) Hazard Avoidance Camera
(Hazcam), 4) Microscopic Imager (MI) and 5) Descent Camera (Descam). The main differences
between the five instruments are in the optics, mounted positions, and articulation methods. Descam
is characterized by radiometric properties that differ from those of the four other cameras due to a
difference in the gain. All cameras share the same electronics design and spacecraft interfaces.

The EDR data product is the raw, uncalibrated, uncorrected image data acquired by the MER Camera
Payload instrument. The full frame EDR data product for each camera instrument is identical in format,
except for some product label differences. For this reason, the full frame EDR data products will be
discussed in terms of a singular “EDR data product” throughout the remainder of this document.

The terms “Operations EDR” and “Science EDR” are used throughout this document to account for two
methods of ground processing when onboard “12 to 8-bit” scaling is commanded. Both characterize
the EDR data product as described above, differing in application and the manner by which “12 to 8-bit
scaled data is stored in the product. Their descriptions are detailed in Section 3.3.1.

The RDR data product is derived directly from one or more EDR or RDR data products, and is
comprised of radiometrically decalibrated and/or camera model corrected and/or geometrically altered
versions of the raw camera data.

1.2 Contents

This Data Product SIS describes how the EDR data product is acquired by the camera and how it is
processed, formatted, labeled, and uniquely identified, and how the RDR data product is derived from
EDR or RDR data products. The document discusses standards used in generating the product and
software that may be used to access the product. The EDR and RDR data product structure and
organization is described in sufficient detail to enable a user to read the product. Finally, examples of
composite EDR/RDR labels are provided, along with the definitions of the keywords in the label.

1.3 Constraints and Applicable Documents

This SIS is meant to be consistent with the contract negotiated between the MER Project and the four
MER Camera Payload Principal Investigators (PI) in which reduced data records and documentation
are explicitly defined as deliverable products. Because this SIS governs the specification of camera-
related products used during operations, any proposed changes to this SIS must be impacted by all
affected software subsystems observing this SIS in support of operations (e.g., APSS, OPGS, SOAS).
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Secondly, keywords may be added to future revisions of this SIS. Therefore, it is recommended that
software designed to process EDRs and RDRs specified by this SIS should be robust to (new)
unrecognized keywords.

Additionally, this Data Product SIS is responsive to the following MER documents:

1. Mars Exploration Program Data Management Plan, R. E. Arvidson and S. Slavney, Rev. 2, Nov. 2,
2000.

2. Mars Exploration Rover Project Archive Generation, Validation and Transfer Plan, R. E. Arvidson
and S. Slavney, JPL D-19658, January 2, 2001.

3. MER Functional Design Description (FDD), “Volume 28: Pancam Mast Assembly (PMA)”, JPL D-
22379, MER 420-8-534.28, February 13, 2002, “Volume 30: Imaging”, JPL D-22130, MER 420-8-
534.30, February 13, 2002.

Additionally, this SIS is also consistent with the following Planetary Data System documents:

4. Planetary Data System Data Preparation Workbook, JPL D-7669, Version 3.1, Part 1, February 1,
1995.
5. Planetary Data System Data Standards Reference, JPL D-7669, Version 3.3, Part 2, June 1, 1999.

Finally, this SIS makes reference to the following documents for technical background information:

6. Pointing, Positioning, Phasing & Coordinate Systems Master (PPPCS), S.R. Doudrick, JPL D-
19720, June 28, 2001.

7. MER Flight—-Mission Systems Interface Control Document (ICD), “Volume 7, Telemetry Dictionary”,
K. Spellman, JPL D-20618, MER 420-1-333, March 3, 2003.

8. Mars Exploration Rover Science and Engineering CCD Cameras IICD Rev. A, D. Herman, JPL D-
20257, February 14, 2002.

9. Mars Exploration Rover Project Athena Science Implementation Plan, S. Squyres, JPL D-20458,
Version 1.1, May 31, 2001.

10. Mars Exploration Rover Mission System Software Implementation Notes Operations Product
Generation Subsystem (OPGS), H. Mortensen, JPL D-22102, MER 420-1-311.15, Februrary 11,
2002.

11. Mars Exploration Rover Project APXS EDR SIS, S. Slavney and H. Mortensen, JPL D-22848,
November 3, 2003.

12. Mars Exploration Rover Project Méssbauer EDR SIS, S. Slavney and H. Mortensen, JPL D-22849,
November 6, 2003.

13. Mars Exploration Rover Project Image Processing Architecture, Requirements and Interfaces
Document, J. Maki, JPL D-20049, December 15, 2000.

14. Pancam Calibration Report, JPL D-19826, MER 420-6-700, 2003.

15. The Mars Exploration Rover Athena Panoramic Camera (Pancam) Investigation, J.F. Bell lll et al.,
J. Geophys. Res., 2003.

16. A System for Extracting Three-Dimensional Measurements from a Stereo Pair of TV Cameras, Y.
Yakimovsky and R. Cunningham, January 7, 1977.

17. Camera Calibration, D. Gennery, JPL IOM 347/86/10, February 5, 1986.

18. Sensing and Perception Research for Space Telerobotics at JPL, D. Gennery et al., Proceedings of
the IEEE Intern. Conf. on Robotics and Automation, March 31 - April 3, 1987.

19. Camera Calibration Including Lens Distortion, D. Gennery, JPL D-8580, May 31, 1991.

20. Algorithm for Using CAHV to Determine SGI Graphics Viewpoint and Perspective, B. Bon, JPL IOM
3472-91-057, August 6, 1991.
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21.

22.

23.

24.
25.
26.
27.
28.

29.

30.
31.

Inclusion of Old Internal Camera Model in New Calibration, D. Gennery, JPL IOM 386.3-94-001,
February 22, 1994.

“Least-Squares Camera Calibration Including Lens Distortion and Automatic Editing of Calibration
Points”, Calibration and Orientation of Cameras in Computer Vision, D. Gennery, ISBN 3-540-
65283-3, 2001.

Computations for Generalized Camera Model Including Entrance, Part 1 and Part 2, D. Gennery,
unpublished, May 23, 2001.

Generalized Camera Calibration Including Fish-Eye Lenses, D. Gennery, JPL D- 03-0869, 2002.
Issues with Linearization, R. Deen, JPL Docushare Collection 2700, File 75670, 2003.

MER Mission Plan, JPL Docushare, File 16319, 2001.

MER IMG Flat Field Scaling, J. Maki, JPL Docushare, File 26302, March 15, 2002.

Mars Exploration Rover Engineering Cameras, J. Geophys. Res., Maki, J.N., J. F. Bell lll, K. E.
Herkenhoff, S. W. Squyres, A. Kiely, M. Klimesh, M. Schwochert, T. Litwin, R. Willson, A. Johnson,
M. Maimone, E. Baumgartner, A. Collins, M. Wadsworth, S. T. Elliot, A. Dingizian, D. Brown, E. C.
Hagerott, L. Scherr, R. Deen, D. Alexander, and J. Lorre., 108(E12), 8071,
doi:10.1029/2003JE002077, 2003.

Athena Microscopic Imager Investigation, J. Geophys. Res., Herkenhoff, K. E. et al., 108, 8065,
doi:10.1029/2003JE002076, 2003.

Planetary Science Data Dictionary Document, Rev E, JPL D-7116, August 28, 2002.

Mars Exploration Rover Navigation Camera In-flight Calibration, Soderblom et al., J. Geophys.
Res., 2008.

1.3.1 Relationships with Other Interfaces
Changes to this EDR/RDR data product SIS document affect the following products, software, and/or

documents.
Table 1.4 Product and Software Interfaces to this SIS
Type
Name P = product Owner
S = software
D = document
MIPL database schema P MIPL (JPL)
MER Camera Payload EDRs P OPGS, MIPL (JPL)
* Pancam
* Navcam
* Hazcam

* Microscopic Imager

Pancam RDRs P OPGS, Pancam Science Team
Navcam RDRs P OPGS, Pancam Science Team
Hazcam RDRs P OPGS
Microscopic Imager RDRs P OPGS, MI Science Team
MERTELEMPROC S MIPL (JPL)
RSVP, SAP S APSS (JPL)
SOAS Software S Cornell University

* PANCAL

* PANMAP

* PANSPEC

* NAVCAL
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Type
Name P = product Owner
S = software

D = document

SOAS Software S USGS (Flagstaff)
* PDS2ISIS (for MI)
* MICAL

Mars Program Suite S MIPL (JPL)
* MARSCAHV
* MARSRAD
* MARSJPLSTEREO
* MARSCOR3
* MARSXYZ
* MARSUVW
* MARSRANGE
* MARSREACH
* MARSROUGH
* MARSMAP
* MARSMOS
* MARSMCAULEY
* MARSNAV
* MARSTIE
* MICA

Mars Terrain Suite S APSS (JPL), MIPL (JPL)
* SUMMITT
* CRUMBS
* XYZ20BJ

VPP S SSV (JPL)
Athena Science Implementation Plan D Cornell University
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2. INSTRUMENT OVERVIEW

The MER Camera Payload on each vehicle is comprised of 9 individual cameras, all of which share the
identical electronics design and spacecraft interfaces. The main differences between the cameras are
in the optics, mounted position, and articulation methods. All of the cameras are monochromatic
except for the Pancam, which contains an 8-position filter wheel (per eye). The camera detectors are
1024 x 1024 pixel CCDs, and the electronics provide 12-bit analog-to-digital conversion.

Of the 9 cameras, there are 4 sets of stereo pairs and one single camera, as listed in Table 2. Camera
mounting locations are shown in Figure 2.

Table 2 - Tabulation of MER Cameras per Rover

MER Camera Payload Instrument Location Number of
Cameras

Panoramic Camera (Pancam) Stereo pair on Pancam Mast Assembly (PMA) 2
Navigation Camera (Navcam) Stereo pair on Pancam Mast Assembly (PMA) 2
“Front” Hazard Avoidance Camera (Hazcam) Stereo pair at front of Warm Electronics Box 2
“Rear” Hazard Avoidance Camera (Hazcam) Stereo pair at rear of Warm Electronics Box 2
Microscopic Imager (MI) Instrument Deployment Device (IDD) arm 1

TOTAL 9

Pancam Mast Assembly (PMA)

Pancam FOV: ~ 16 deg

Navcam FOV: ~ 45 deg

‘\
[ Warm Electronics Box ]

Rear Hazcam FOV: ~ 120 deg (WEB)
(horizontal FOV)

_—-Front Hazcam FOV: ~ 120 deg
(horizontal FOV)

&— Instrument Deployment
Device (IDD)

o
HES
A

(©)

5

Microscopic Imager (Ml)

Figure 2 - MER Camera Payload Configuration
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Because of the electronics commonality, image data from all cameras are functionally equivalent and
are treated identically in Flight Software (FSW) and the Ground Data System (GDS).

The four MER Camera Payload instruments are discussed in general terms in the following
subsections. More detailed information describing the individual cameras can be found in the MER
Image Processing Architecture, Requirements and Interfaces Document [Ref 13].

2.1 Panoramic Camera (Pancam)

The Pancam is a stereo pair of science cameras at 30 cm baseline separation (1° toe-in) mounted at
the top of the Pancam Mast Assembly (PMA) with a range of motion of +90 degrees of elevation and
360 degrees of azimuth. Narrow-angle optics provide an angular resolution of 0.27 mrad/pixel. The
Pancam will be used to image the surface and sky of Mars around the two landing sites. The images
will be chosen and used primarily for Science analysis, and also will be used to select desirable targets
for composition analysis. Pancam images will also support selection of travel paths for the Rover and
development of a landing site map.

Pancam optics characteristics useful in the analysis of EDR and RDR products are described in Table
2.1.1 below:

Table 2.1.1 - Pancam Optics Characteristics

Characteristic Value
Field of View (FOV) 16 dea x 16 deq
Baseline Stereo Separation 30 cm, 1 deg toe-in
Angular Resolution 0.27 mrad/pixel
Spectral Bandpass 400 — 1100 nm
Number of Spectral Filters 8 per camera

Each Pancam camera has an 8-position filter wheel. Thirteen of the sixteen filters provide color
imaging capability in eleven unique wavelengths from 400 to 1100 nm, two of the remaining filters have
neutral density coatings to provide direct solar imaging capability in two colors, and one filter wheel
position has been left empty to provide for maximum broadband light sensitivity. The spectral
bandwidths are described in Table 2.1.2 below:

Table 2.1.2 - Pancam Spectral Filters

Filter Left Eye Wavelength Right Eye Wavelength Application
Position (Bandpass), nm (Bandpass), nm
0 NULL or N/A NULL or N/A NULL or N/A
1 739 (338) EMPTY 436 (37) L: EMPTY, R:Blue Stereo
2 753 (20) 754 (20) Red Stereo
3 673 (16) 803 (20) Geology
4 601 (17) 864 (17) Geology
5 535 (20) 904 (26) Geology
6 482 (30) 934 (25) Geology
7 432 (32) 1009 (38) L: Blue Stereo, R: Geology
8 440 (20) 880 (20) Solar ND5
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2.2 Navigation Camera (Navcam)

The Navcam is a mast-mounted stereo pair of engineering cameras at 20 cm baseline separation with
a spectral bandpass at approximately 650 nm. It will primarily be used for navigation purposes and
general site characterization (360° panoramic images and targeted images of interest, including terrain
not viewable by the Hazcams).

The cameras are boresighted with the Pancam, and Navcam images will also be used for Science
target selection and analysis.

Navcam optics characteristics useful in the analysis of EDR and RDR products are described in Table
2.2 below:

Table 2.2 - Navcam Optics Characteristics

Characteristic Value
Field of View (FOV) 45 deq x 45 deqa
Baseline Stereo Separation 20 cm
Angular Resolution 0.77 mrad/pixel
Spectral Bandpass 650 nm
Number of Spectral Filters 1 per camera

2.3 Hazard Avoidance Camera (Hazcam)

The Hazcams are two stereo pairs of engineering cameras at 10 cm baseline separation mounted at
both the front and rear ends of the Warm Electronics Box (WEB) below the solar panel. Each Hazcam
assembly includes 2 cameras with a fixed Red 650 nm bandpass filter (identical to the Navcams).

The Hazcams provide imaging primarily of the near field (< 5m) both in front of and behind the rover.
These cameras will be used to determine safe egress directions for the rover and provide for on-board
hazard detection using stereo data to build range maps. They also support science operations for
selecting near field target and IDD operations.

Hazcam optics characteristics useful in the analysis of EDR and RDR products are described in Table
2.3 below:

Table 2.3 - Hazcam Optics Characteristics

Characteristic Value
Field of View (FOV) 120 dea x 120 dea
Baseline Stereo Separation 10 cm
Angular Resolution 2.0 mrad/pixel
Spectral Bandpass 650 nm
Number of Spectral Filters 1 per camera
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2.4 Microscopic Imager (Ml)

The Ml is a fixed-focus science camera mounted on the end of the Rover arm (Instrument Deployment
Device, or IDD). The Ml is designed to acquire images at a spatial resolution of 30 um per pixel over a
broadband spectral range (400 nm to 700 nm). Technically speaking, the “microscopic” imager is not
actually a microscope — the Ml has a fixed magnification of 0.4.

Because the MI has a relatively small depth of field (+/- 3 mm), a single Ml image of a rough surface
(one that has “bumpiness” larger than +/- 3 mm) will contain both focused and unfocused areas. To
focus unfocused areas of an image, (which also has the effect of defocusing the areas that were
previously in focus), the IDD is moved by a small amount and an additional Ml image is acquired. By
combining a set of images acquired in this way, a completely focused image can be assembled.

MI optics characteristics useful in the analysis of EDR and RDR products are described in Table 2.4.1
below:

Table 2.4.1 - MI Optics Characteristics

Characteristic Value
Field of View (FOV) 3x3cm
Spatial Resolution 30 um/pixel
Angular Resolution 0.637 mrad/pixel
Spectral Bandpass 400 - 700 nm
Number of Spectral Filters 1, plus yellow dust cover window

Whenever the Ml is not in use, the Ml optics are protected from contamination by a dust cover. The
cover includes a yellow window that allows imaging even when the cover is closed. The dust cover
window restricts the M| bandpass to 550 - 700 nm, allowing crude color information to be obtained by
taking images with the cover open and closed. The spectral bandwidths are described in Table 2.4.2
below:

Table 2.4.2 - Ml Spectral Filters

Filter Position

Camera Dust Cover State

Wavelength (Bandpass), nm

0 NULL or N/A NULL or N/A
1 CLOSED 500 - 700
2 OPEN 400 -700
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2.5 Descent Camera (Descam)

The Descam is mounted on the lander radar bracket and points downward during lander descent. The
Descam was added to the lander payload after much of the overall camera design effort had been
completed and as a result shares the identical optical design as the Navcams, an /12 optical system
with a 45 x 45 degree field of view, a 60.7 degree diagonal FOV, and an angular resolution of 0.82
mrad/pixel at the image center. The Descam camera uses a broadband filter with a center at 750 nm
and a Full Width at Half Maximum (FWHM) of approximately 200 nm.

Three Descam images will be acquired during EDL. The vehicle altitudes for these images will range
from 2000 to 1200 m above the surface. To acquire the images rapidly, the images will be commanded
with the minimum allowable exposure time of 5.1 ms and the 4 x 1 hardware binning option. The per-
pixel resolution of these images will be approximately 4 x 1 m.

Descam optics characteristics useful in the analysis of EDR and RDR products are described in Table
2.5 below:

Table 2.5 — Descent Camera Optics Characteristics

Characteristic Value
Field of View (FOV) 45 deq x 45 deqa
Diagonal FOV 60.7 deg
Angular Resolution 0.82 mrad/pixel
Spatial Resolution 4 x 1m/pixel
Spectral Bandpass 750 nm
Number of Spectral Filters 1
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3. DATA PROCESSING OVERVIEW
3.1 Data Processing Level

This documentation uses the “Committee on Data Management and Computation” (CODMAC) data
level numbering system. The MER Camera Payload EDRs referred to in this document are considered
“Level 2” or “Edited Data” (equivalent to NASA Level 0). The EDRs are to be reconstructed from
“Level 1”7 or “Raw Data”, which are the telemetry packets within the project specific Standard Formatted
Data Unit (SFDU) record. They are to be assembled into complete images, but will not be
radiometrically or geometrically corrected.

MER Camera Payload RDRs are considered “Level 3” (“Calibrated Data” equivalent to NASA Level 1-
A), “Level 4” (“Resampled Data” equivalent to NASA Level 1-B), or “Level 5” (“Derived Data” equivalent
to NASA Level 1-C, 2 or 3). The RDRs are to be reconstructed from “Level 2” edited data, and are to
be assembled into complete images that may include radiometric and/or geometric correction.

Refer to Table 3.1 for a breakdown of the CODMAC and NASA data processing levels.

Table 3.1 - Processing Levels for Science Data Sets

NASA CODMAC Description

Packet data Raw - Level 1 Telemetry data stream as received at the ground station, with
science and engineering data embedded.

Level 0 Edited - Level 2 Instrument science data (e.g., raw voltages, counts) at full
resolution, time ordered, with duplicates and transmission errors
removed.

Level 1-A Calibrated - Level 3 Level 0 data that have been located in space and may have been

transformed (e.qg., calibrated, rearranged) in a reversible manner
and packaged with needed ancillary and auxiliary data (e.g.,
radiances with the calibration equations applied).

Level 1-B Resampled - Level 4 Irreversibly transformed (e.g., resampled, remapped, calibrated)
values of the instrument measurements (e.g., radiances, magnetic
field strength).

Level 1-C Derived - Level 5 Level 1A or 1B data that have been resampled and mapped onto
uniform space-time grids. The data are calibrated (i.e.,
radiometrically corrected) and may have additional corrections
applied (e.g., terrain correction).

Level 2 Derived - Level 5 Geophysical parameters, generally derived from Level 1 data, and
located in space and time commensurate with instrument location,
pointing, and sampling.

Level 3 Derived - Level 5 Geophysical parameters mapped onto uniform space-time grids.

10
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3.2 Data Generation

MER Camera Payload EDRs and RDRs will be generated by JPL’s Multimission Image Processing
Laboratory (MIPL) under the OPGS subsystem of the MER GDS. EDRs and RDRs will also be
generated by the Athena Pancam Science and Microscopic Imager Science Teams under the SOAS
subsystem of the MER GDS.

3.2.1 EDR Data Product

There will be two types of nominal EDR data products generated during the mission, and their
applications characterize them as the “Operations EDR” and the “Science EDR”.

3.2.1.1 Operations EDR

As the fundamental operations image data archive product, the Operations EDR will be generated as
“‘raw” uncalibrated data within an automated pipeline process managed by MIPL under OPGS at JPL as
part of the critical path in rover traversability operations. The size of an Operations EDR data product is
approximately 2 MB. The total estimated volume of Operations EDRs over the course of the nominal
90-day MER mission is approximately 35 Gigabytes.

3.2.1.1.1 Data Flow

The Operations EDR processing begins with the reconstruction of packetized telemetry data resident
on the TDS by the System Software (SSW) program “mer_dp” into a binary data product and matching
meta-data file. The data product and meta-data are written to the OSS and symbolic links to each are
created in a repository directory under the OPGS substructure on the OSS, where they are ingested by
MIPL’s telemetry processor “mertelemproc” and processed with SPICE kernels provided by NAIF. The
Operations EDR will be generated 60 seconds after the binary data product and matching meta-data
have been symbolically linked into the OPGS repository directory. This data flow is illustrated in Figure
3.3.1.1.1, and is elaborated in the Data Format discussion:

Binary
Data Product

Packetized
Data
(TDS)

mertelemproc
(MIPL)

—P Meta-data

Figure 3.3.1.1.1 — Operations EDR Generation

3.2.1.1.2 Data Format

The Operations EDR will be formatted according to this SIS, such that each of the two radiometric
formats of telemetry data will be stored “unscaled” in a signed 16-bit integer. In the first case, 12-bit
data scaled onboard to 8-bit via a “12 to 8-bit” Lookup Table (LUT) or, by bit shifting, will be downlinked
as 8-bit data and stored “as is” in the eight lowest bits of the signed 16-bit integer. In the second case,
12-bit data without onboard LUT scaling or bit shifting will be downlinked as 12-bit data and stored “as
is” in the 12 lowest bits of the signed 16-bit integer.

11
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There will not be multiple versions of the Operations EDR. Missing packets will be identified and
reported for retransmission to the ground as “partial datasets”. Prior to retransmission, the missing
Operations EDR data will be filled with zeros. The Operations EDR data will be reprocessed only after
all “partial datasets” are retransmitted and received on the ground. In these cases, the original
Operations EDR version will be overwritten, retaining only a single version. The Operations EDR data
product will be placed into FEI for distribution and to facilitate the archiving process.

3.2.1.2 Science EDR

As the fundamental science image data archive product, the Science EDR will be generated by the
Athena Pancam Science and Microscopic Imager Science Teams under SOAS at JPL to recover the
original 12-bit raw measurement obtained by the respective science camera to within the uncertainty of
the noise in the original measured value. The size of a Science EDR data product is approximately 2
MB. The total estimated volume of Science EDRs over the course of the nominal 90-day MER mission
is less than that of the Operations EDRs, and depends on the definition of the Science EDR archive set
(see sections on Data Flow and Data Format).

3.2.1.2.1 Data Flow

The EDR produced will be the Operations EDR processed further by utilizing Pancam and M.I. SOAS
tools to generate exactly the same data format and label keywords (but not keyword values) as the
Operations EDR. This data flow is illustrated in Figure 3.3.1.2.1, and is elaborated in the Data Format
discussion.

“8-bit”
Ops EDR
(16-bit)

Scaled “12-bit”
Science EDR
(16-bit)

Inverse LUT
(SOAS)

“12-bit”
Science EDR

(16-bit)

Figure 3.3.1.2.1 — Science EDR Generation

3.2.1.2.2 Data Format

As shown in Figure 3.3.1.2.1, there are two cases of the Science EDR. If the Operations EDR is
effectively in 8-bit format (e.g., valid data only in the eight lowest bits of the 16-bit integer) because a
user-defined “12 to 8-bit” LUT was applied onboard prior to downlink, then a corresponding Science
EDR is generated by applying the appropriate Inverse LUT (ILUT) to the Operations EDR. Refer to
Appendix C for a listing of the ILUTs. If the Operations EDR is in 12-bit format (e.g., valid data in the 12
lowest bits of the 16-bit integer) because no LUT was applied onboard, it is copied without change in
binary data content and renamed as a Science EDR to complete the uniform set of all Science EDRs.

The SOAS software will perform some minor reformatting of the PDS label, such as adding spaces for
improved readability, breaking up long text strings across multiple lines, etc. The Science EDR will
share the same filenaming convention as the Operations EDR, altering only the Product Creator
character in the filename to “C” (for Athena Pancam Team, Cornell University) or “F” (for Microscopic
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Imager Team, USGS, Flagstaff) to differentiate it from the “M” (for MIPL) in the Operations EDR
filename. See Section 4.4 for details on the filenaming conventions.

Like the Operations EDR, there will not be multiple versions of the Science EDR. The Science EDR
data product will be placed into FEI to facilitate the archiving process.

3.2.2 RDR Data Product

RDR data products will be generated by, but not limited to, MIPL using the Mars Suite of VICAR image

processing software at JPL, the Athena Pancam Science Team using IDL software at Cornell University
and JPL, and the Microscopic Imager Science Team using ISIS software at USGS (Flagstaff) and JPL.

The RDRs produced will be “processed” data. The input will be one or more Camera EDR or RDR data
products and the output will be formatted according to this SIS. Additional meta-data may be added by
the software to the PDS label.

There may be multiple versions of a MER Camera RDRs. The RDR data product will be placed into
FEI for distribution.

3.3 Data Validation

Validation of the MER EDRSs will fall into two primary categories: automated and manual. Automated
validation will be performed on every EDR product produced for the mission. Manual validation will
only be performed on a subset.

Automated validation will be performed as a part of the archiving process and will be done
simultaneously with the archive volume validation. Validation operations performed will include such
things as verification that the checksum in the label matches a calculated checksum for the data
product (i.e., that the data product included in the archive is identical to that produced by the real-time
process), a validation of the PDS syntax of the label, a check of the label values against the database
and against the index tables included on the archive volume, and checks for internal consistency of the
label items. The latter include such things as verifying that the product creation date is later than the
earth received time, and comparing the geometry pointing information with the specified target. As
problems are discovered and/or new possibilities identified for automated verification, they will be
added to the validation procedure.

Manual validation of the images will be performed both as spot-checking of data through-out the life of
the mission, and comprehensive validation of a sub-set of the data (for example, a couple of days'
worth of data). These products will be viewed by a human being. Validation in this case will include
inspection of the image or other data object for errors (like missing lines) not specified in the label
parameters, verification that the target shown / apparent geometry matches that specified in the labels,
verification that the product is viewable using the specified software tools, and a general check for any
problems that might not have been anticipated in the automated validation procedure.
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4. DATA PRODUCT OVERVIEW

The data in the EDR data product is a copy of the scene that had been projected onto the camera
instrument’s charge-coupled device (CCD) and shifted into the CCD memory buffer. That is, the EDR
consists of unprocessed experiment data stored in binary format. A total of 1024 x1024 image pixels
plus 32 reference pixels per line are each digitized to 12 bits resolution. The binary data may be
returned as 12-bit or 8-bit scaled data. The returned uncompressed 12-bit binary data is “packed”
during transmission and stored in the EDR as a signed 16-bit integer. The returned uncompressed 8-bit
binary data is also stored in the EDR as a signed 16-bit integer. Compressed data is ICER or LOCO
encoded. The camera acquisition of the scene and subsequent onboard storage and readout of pre-
flight EDR image data, using Ground Support Equipment (GSE), is illustrated in Figure 4 below. Note
that for flight EDRs, the Reference Pixels are returned separately from the rest of the image:

Camera CCD

Looking down through the camera
boresight and onto the back side of the
CCD.

Image
g —+— A. Image Capture

CCD is erased, and the imaging
region is exposed to capture digitized
pixels.

B. Image Transfer
Image is transferred to the storage
region.

—+—— C. 1024 x 1024 Image Readout
One image line read out at a time
STORAGE through Serial Register, with 32
Reference pixels bookending 1024
image pixels each digitized at 12 bits.

Vertical readout direction

Register readout direction

b sl - ] Horizontal Serial Register (1 row)

N T L 1055: Camera Serial Number (occurs every row)
16 — 1039: Active image pixels 1040 — 1054: Post-reference pixels (15 total)

0 — 15: Pre-reference pixels (16 total)

Figure 4 - Acquisition and Readout of Full Frame Pre-Flight EDR Using GSE

4.1 Data Product Structure

EDR products will have two possible structures. The Operations EDR structure consists of an ASCII
PDS label, followed by an embedded ASCII VICAR label, followed by a n x m block of binary image
data with the origin at the upper left pixel in line (row) 1, sample (column) 1. Inherent to the VICAR
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label is the possibility of an ASCII EOL label being appended after the binary data in order to handle
label modifications. This EOL label is simply a continuation field for the main VICAR label, when there
is no more space for expansion before the image data. The EDR products will be processed to
eliminate the optional EOL label (Figure 4.1.1, Diagram A). The Science EDR structure consists of an
ASCII PDS label followed by a n x m block of binary image data (Figure 4.1.1, Diagram B). Note that
some camera EDR products will be rotated so that the origin (1,1) is not the same as the CCD origin,
and for more details refer to [Ref 3].

P